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r-© Sputtering target 

< 

The present invention is a sputtering target for formation of an alloy film; which comprises 15 to 50 atomic 
percent of molybdenum or tungsten, the remaining atomic percent of tantalum, and concomitant impurities, 
which can provide electrical wiring having very low specific resistance as well as excellent workability and 
stability, whereby high definition and high integration of various elements such as semiconductor devices can be 
jvj achieved. 
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Sputtering Target 



BACKGROUND OF THE INVENTION 

This invention relates to a sputtering target suitable for the formation of an alloy film for eiectrical wiring 
s which is excellent in electrical conductivity, workability, oxide layer formation properties, and other 
characteristics. 

In recent years, much attention has been paid to an active matrix type liquid crystal display device m 
which a thin film transistor (TFT) having an amorphous silicon (a-Si) film is used as a switching element. 

When TFT arrays are formed by using an amorphous glass substrate and the a-Si film which can be 
to formed at a low temperature, there can be provided a panel display (flat type television) having great area, 
high definition, high picture quality, as well as being inexpensive. In order to obtain the active matrix type 
liquid crystal display device having the finest possible picture elements and the great area, signal wiring 
extending to TFT, i.e., gate wiring and data wiring, must be thin and long. 

For example, in the case of employing a reverse stagger type TFT structure which is constituted by 
;s superposing an insulating film and the a-Si film on the glass substrate having provided thereon gate 
electrode wiring, it is required that the gate electrode wiring are thin, have sufficiently low resistance, and 
withstand chemicals used in subsequent steps. 

As raw materials for the gate electrodes which can satisfy such requirements, there have been 
heretofore used various metallic films of tantalum (Ta). titanium (Ti) and the like. However, in order to 
20 increase further the area and the definition of the liquid crystal display, the raw material having lower 
electrical resistance, better workability and high resistance to various chemicals used in the subsequent 
chemical treatment steps is demanded. 

Moreover, in the case of employing a stagger type TFT structure in which a drain and a source 
electrode wiring is disposed on the substrate, it is required that the drain and the source electrode wiring 
25 possess the above-mentioned characteristics. 

On the other hand, also a semiconductor integrated circuit using a single crystal Si substrate suffers 
similar problems. For example, an impurity-doped polycrystal silicon film is usually used for the gate 
electrode wiring of an MOS transistor used in a memory integrated circuit typified by a dynamic RAM. 

However, in order to achieve further microminiaturization and high integration of the elements, the 
30 polycrystal silicon film has a too high specific resistance. As a raw material which has lower specific 
resistance than that of the polycrystal silicon film and can withstand high temperatures, there are a 
molybdenum/siiicide (MoSU) film and the like. However, when the dynamic RAM or the like of 1 M bit or 
more is to be realized by use of this molybdenum/siiicide film, resistance of the electrode wiring increases 
disadvantageously. 

3S In a semiconductor device using a conventional a-Si film, a single crystal Si substrate or the like, in 
order to achieve further microminiaturization and high integration of the elements, resistance of the 
electrode wiring increases disadvantageously. Moreover, raw materials for the electrode wiring are required 
to have excellent worability, high resistance to various treatments, and good and stable ohmic contact 
properties with Si, in addition to the low specific resistance. 

SUMMARY OF THE INVENTION 

This invention has been developed in view of the above situations, and an object of this invention is to 
45 provide a sputtering target suitable for the formation of an alloy film which is excellent in electrical 
conductivity, workability, oxide film formation properties, and other characteristics. 

The present inventors have conducted experiments and examination systematically on various metallic 
and alloy films eligible for electrical wiring materials of semiconductor devices using a-Si films, polycrystal 
silicon films, single crystal Si substrates and the like. As a result, it have been found that an electrical wiring 
so film for the semiconductor devices has been obtained which has much lower electrical resistance than a 
single film of Ta (tantalum). Mo (molybdenum) or W (tungsten) in a limited composition range of Ta and Mq 
or W and which is excellent in workability, formation properties of an oxide film, ohmic contact properties 
with silicon, and the like required for the films for electrical wiring. In addition, it has also been found that 
sputtering is suitable for the formation of the films for the electrical wiring of the semiconductor devices. 



2 



BNSOOCIO <£P 02S513OA1> 



0 285 130 



and this invention has been completed on the basis of the above knowledges. 

That is. this invention is directed to a sputtering target for foming an alloy film, which comprises 15 to 
50 atomic percent of molybdenum or tungsten, the remaining atomic percent of tantalum, and concom.tant 
impurities. 



DESCRIPTION OF THE PREFERRED EMBODIMENTS 



Now, reference will be made to the alloy film formed by the sputtering target of this invention. In the 
•o composition or the alloy film formed by the sputtering, when the Ta content is less than 30 atomic percent 

electrical res.stance of the alloy film is high, and formation properties of the oxide film and washability with 

a mixed solution are bad. Inversely, when the Ta content is in excess of 95 atomic percent, the electrical 

resistance is liable to be high, though workability, oxide film formation property and washability with the 

mixed solution are satisfactory. 
<s In the composition of the formed alloy film, Ta is prefereably present in a ratio of 30 to 80 atomic 

percent, more preferably 50 to 80 atomic percent. 

The desirable composition of this target for the formation of the alloy film is composed of as mentioned 

above. 15 to 50% atomic percent of Mo or W and the remaining atomic percednt of Ta. and concomitant 

impurities. 

20 As the forms of the sputtering targets, there are an alloy target prepared by melting Mo or W and Ta 
and then making an alloy from the resulting melt: a sintered target prepared by mixing Mo or W powder 
with Ta powder and then molding and sintering the mixture: and a composite target prepared by combining 
an Mo or W member and a Ta member in a predetermined area ratio. 

The reason why each of the above target is used is as follows: The alloy target has a merit to yield 

25 uniform alloy film by forming an alloy of Ta and Mo or W since they have different sputtering efficiency 
respectively. Moreover, the alloy target can be prepared in a relatively few process steps. In the preparing 
process of the alloy target, melting the alloy may be preferably carried out by use of electron beams or arc 
melt. 

In case of the sintered target, the target has a merit that it can be yield a uniform alloy film to be 
30 formed by m.xing Ta and Mo or W powders, followed by sintering, having relatively less uniformity since 
they have different sputtering efficiency respectively. Moreover, the sintered target can be prepared in a 
relatively small number of process steps. 

Moreover, when the composite target is to be used, mateials are easily available since a Ta plate and 
an Mo or W plate can be used as such, and the alloy film to be obtained contains a less content of oxygen 
as gas component generated due to the nature of Ta than in the case of the sintered target. 

in the sputtering target for electrical wiring regarding this invention, impurities such as carbon nitrogen 
hydrogen and oxygen are contained preferably in a minimum quantity, but their content of 5 atomic perceni 
or less is allowable. 
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Examples 1 to 4 



Alloy targets were prepared from Mo or W and Ta having a purity of 99.9% by melting alloys which 
were different ,n contents of Mo or W and Ta. by means of electron beams and then molding them with the 
45 aid of a machine. 

Afterward, sputtering was carried out in an argon atmosphere at room temperature by use of the thus 
prepared alloy targets, and various tests were then carried out to inspect electrical resistance, workability by 
dry etching, oxide film formation properties and the like. 

The results are set forth in Table 1 . 



Comparative Examples 1 to 9 

For comparison, titanium, chromium, molybdenum, tantalum and MoSi, having a purity of 99 9% were 
subjected to sputtering and tested to inspect character! sties in the same manner in the Examples 1 to 4 
The results are also set forth in Table 1 . 
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As clearly seen from the table 1. the alloy films formed by the targets of this invention had lower 
specific resistances than films of Ti, Cr, Ta. MoSi,. and in particular, the alloy films formed: by the targets 
containing 70 atomic percent or less of Ta had lower specific resistances than that of the films formed by 
pure Mo target. Moreover, when heat treatment was carried out after deposition, the specific resistances of 
the alloy films can be further decreased. 

Also with regard to the workability by dry etching, the alloy films of this invention were excellent in 
common with the MoSi, films, and the taper work of these alloy films was easily carried out. In addition 
good hot ox.de films could be formed on the alloy films of this invention, but the films of Mo. Ti and Cr and 
so on did not permit the formation of such good hot oxide films thereon. 
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The ailoy films of this invention were also excellent in resistance to an H : SOi + Hid mixed solution 
which was extensively used as a washing liquid. Moreover, the ailoy films of this invention had excellent 
properties of ohmic contact with Si and low reactivity with an SiO ? film. It was also confirmed that the alloy 
films of this invention were fit for semiconductor devices using Si. 
s in the above table, the estimation of 0 (excellent). A (good) and X (bad) were made as follows: The ? 
workability of the films was evaluated by determining if CF* dry etching is feasible, whereas the capering 
workability was evaluated by determining by means of CF« dry etching again if taper angle can be * 4 
controlled thereby. 

The formation properties of the hot oxide films were evaluated from formation results of the oxide films 
io having no pinholes at a temperature of about 400°C and having electrical strength to a voltage of 3 x 1 0* 
\A ; cm or more and a leakage current of 1 x 10 ;C A/mm 2 or less. The formation properties of the anode oxide 
film was evaluated from the formation results of the oxide films having no pinholes and having resistance to 
a voltage of 3 x 10* V/cm or more and a leakage current oM x 10 -° A/ mm 2 or less. Furthermore, the ohmic 
contact properties with silicon were evaluated by reactivity at a temperature of about 400° C. 
is In certain electrode materials for the semiconductor device, there are required hot oxide film or anode 
oxide film formation, the washing treatment with a mixed solution containing a strong acid and the like. As 
indicated in Table 1. their formation and treatment on the conventional Mo electrodes were poor, and their 
formation and treatment on the Ta electrodes were satisfactory but these electrodes had high specific 
resistance inconveniently. 

20 On the contrary, the sputtering target of this invention can forme the hot oxide films and the anode 
oxide films, if it contains 30 atomic percent or more. The alloy films obtained can be subjected to the strong 
acid effectively and can have much lower specific resistance than that of the Ta electrodes. The alloy films 
in which Ta was contained in a ratio of 95 atomic percent or less had lower specific resistance than that of 
the Mo electrodes. Especially, the results in Table I indicate that even when not subjected to the heat 

25 treatment, the films in which Ta was present in a ratio of 70 atomic percent or less had lower specific 
resistance than that of the Mo electrodes. 



Examples 5 and 6 

30 

Commercially available Mo powder or W powder and Ta powder having a purity of 99.9% were sintered 
by a vacuum hot press and were than machined to prepare sinter targets. 

Afterward, sputtering was carried out using these targets in an argon atmosphere at room temperature, 
and various tests were then performed to inspect electrical resistance, workability, oxide film formation 
as properties, and the like. The results are set forth in Table 2. 
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Table 2 





Exa 
5 


mple 
6 


Composition of £ 0 <" »> 


40 
60 


40 
60 


Specific 
Resistance 

(Xl0"* 5 fl-cm) 


Immediately 

after 

deposition 


5.0 


4.8 


After Heat 
Treatment 

at 300°C 


4.5 


4.2 


After Heat 
Treatment 
at 1000°C 


2.3 


2.1 


Workability by Dry Etching 


0 


0 


Tapering Workability 


0 


0 


Formation of Hot Oxide Film 


0 


0 


Formation of Anode Oxide Film 


0 


O 


Washing with Mixed Solution 
of H2SO4 + H 2°2 


0 


0 


Ohmic Contact with Silicon 


0 


0 


Non-reactivity with SiO film 


0 


0 



Example 7 

Moreover. Mo plates and Ta plates whivh are cut out from Mo block and Ta block, respectively, each 
having a purity of 99.9% were combined to prepare various composite targets by changing area ratios of 
the Ta plates to the Mo plates. 

Afterward, sputtering was carried out using these composite targets in an argon atmosphere at room 
temperature, and various tests were then performed to inspect electrical resistance, workability, oxide film 
formation properties, and the like. According to the results, they had good characteristics, as in the alloy 
targets. 

As described above, the sputtering target of this invention can provide electrical wiring having very low 
specific resistance as well as excellent workability and stability, whereby high definition and high integration 
of various elements such as semiconductor devices can be achieved. In consequence, it is fair to say that 
this invention is industrially very useful. 



Claims 

1. A sputtering target for formation of an alloy film, which comprises 15 to 50 atomic percent of 
molybdenum or tungsten, the remaining atomic percent of tantalum, and concomitant impurities. 

2. A sputtering target according to Claim 1 wherein said target is an alloy target comprising 15 to 50 
atomic percent of molybdenum or tungsten, the remaining atomic percent of tantalum, and concomitant 
impurities. 
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3. A sputtering target according to Claim 1 wherein said target is a sintered target comprising a 
powderly sintered material of 15 to 50 atomic percent of molybdenum or tungsten, toe remaning atomic 
percent of tantalum, and concomitant impurities. 

4. A sputtering target according to Claim 1 which is a composite target wherein percentage of the Mo or 
s W and Ta has been adjusted so that the atomic percent of molybdenum or tungsten may be 1 5 to 50% and 

the residue may be tantalum and concomitant impurities based on area ratio. 
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